File S1. Comparison of the accuracy of two land cover layers (the National Landcover Dataset and a layer provided by the Alaska Natural Heritage Program) available for the Alaska Peninsula, Alaska relative to vegetation data collected by observers during avian surveys at 1,021 sites within three National Parks (Aniakchak NMP, Katmai NPP, and Lake Clark NPP) in southwestern Alaska, May–June, 2004-2008. 

Land Cover Classification and Accuracy Assessment
[bookmark: _GoBack]Observers recorded habitat composition at each site in our study; however, habitat classifications were not consistent with available GIS layers.  Because one of our primary objectives was to map avian distributions across three national parks in Alaska, we needed to obtain an accurate GIS land-cover layer.  We found two existing land-cover layers that covered all three parks.  Recently, Boggs et al. (2016) published a  mosaic of existing land-cover layers that included portions of the Alaska Peninsula, but not the entire area of interest (i.e., excluding coastal areas along the Gulf of Alaska).  However, K. Boggs, Alaska Natural Heritage Program (AKNHP), provided a draft mosaic that covered all three parks.  The National Land Cover Database (NLCD) 2011 for Alaska (http://www.mrlc.gov; Homer et al. 2015) also covers the entire study area and was considered for analyses.  We compared the accuracy of these two land-cover layers to habitat composition recorded during our avian surveys at 1,021 sites in three national parks on the Alaska Peninsula.  
[bookmark: _Toc363397961]Methods
In ArcGIS v10.0 (ESRI Inc, Redlands, CA), we created 150-m buffers around each survey point.  We then used Geospatial Modelling Environment (GME) v. 0.7.2.0 (Beyer 2012) to summarize each land-cover layer within each 150-m buffer.  The Isectpolyrst function within GME provides the proportion of each buffer classified as a given habitat category.  
AKNHP
AKNHP derived 28 coarse-scale habitat classifications at a 30-m resolution from region-specific fine-scale classifications for three existing layers covering Katmai NPP (Boggs et al. 2003), Lake Clark NPP (Golden and Spencer 1998), and Aniakchak NMP (Boucher et al. 2012).  We further modified classes to merge habitat categories that were similar, but regional in nature.  For example, Sparse Vegetation was classified for Katmai NPP only, but similar in description to the Dwarf Shrub category.  Therefore, we added Sparse Vegetation to the Dwarf Shrub coarse-level category.  Our objective was to retain classes that were important to birds breeding within the parks that were also present with enough frequency to make meaningful conclusions.  After modification, we were left with 11 coarse-scale habitat classifications that existed within park boundaries (Table B1).  The parks contained no cells identified as unclassified (e.g., cloud or shadow cover), or urban (e.g., agriculture, roads, villages), so we omitted these habitat types. Final coarse-scale groupings of the AKNHP layer included:
· Spruce = Sitka, white, and/or black spruce; open−closed and woodland.
· Tall Shrub = tall shrub; alder; alder−herbaceous (mesic); and tall willow.
· Water = saltwater; freshwater; pond lily; and floating algae.  In Katmai NPP freshwater and saltwater were not split, therefore we combined freshwater and saltwater classifications for all three parks. 
· Dwarf Shrub = dwarf shrub; dwarf shrub−lichen; lichen; sparse vegetation;  herbaceous−moss (one definition); sedge/sphagnum (peatland); and tussock tundra.
· Herbwet = herbaceous (marsh, wet or tidal); herbaceous−moss; and wet or tidal forb, graminoid, or sedge.
· Lshrub = low shrub (willow, alder, dwarf birch, ericaceous); low shrub/lichen; and low shrub−tussock tundra.
· Dec = deciduous forest with paper birch or balsam poplar (open−closed).
· Mixed = mixed spruce and paper birch or balsam poplar (open−closed).
· Bareground = bedrock; bare ground (mud−sand, rock−gravel, tide flat); vegetation <20%; and biological crust.
· Herbmes = mesic herbaceous, graminoids, forbs, grass, or sedges; and herbaceous−lichen.
· Icesnow = glaciated; ice and snow.
[bookmark: _Toc363397963]NLCD
The NLCD is derived from satellite imagery data at a 30-m resolution and includes 12 vegetation classes present on study sites.  We combined woody and emergent wetlands into a single Wetland class.  Moss and Lichen were not classified at any site.  Remaining classes included:
· Water (Open Water) = areas of open water, generally with less than 25% cover of vegetation or soil.
· Ice Snow (Perennial Ice/Snow) = areas characterized by a perennial cover of ice and/or snow, generally greater than 25% of total cover.
· Bareground (Barren Land) = areas of bedrock, desert pavement, scarps, talus, slides, volcanic material, glacial debris, sand dunes, strip mines, gravel pits and other accumulations of earthen material. Generally, vegetation accounts for less than 15% of total cover.
· Dec (Deciduous Forest) = areas dominated by trees generally greater than 5 m tall, and greater than 20% of total vegetation cover. More than 75% of the tree species shed foliage simultaneously in response to seasonal change.
· Spruce (Evergreen Forest) = areas dominated by trees generally greater than 5 m tall, and greater than 20% of total vegetation cover. More than 75% of the tree species maintain their leaves all year. Canopy is never without green foliage.
· Mixed (Mixed Forest) = areas dominated by trees generally greater than 5 m tall, and greater than 20% of total vegetation cover. Neither deciduous nor evergreen species are greater than 75% of total tree cover.
· Dshrub (Dwarf Scrub) = Alaska only areas dominated by shrubs less than 20 cm tall with shrub canopy typically greater than 20% of total vegetation. This type is often co-associated with grasses, sedges, herbs, and non-vascular vegetation. 
· Shrub (Shrub/Scrub) = areas dominated by shrubs; less than 5 m tall with shrub canopy typically greater than 20% of total vegetation. This class includes true shrubs, young trees in an early successional stage or trees stunted from environmental conditions. 
· Grass (Grassland/Herbaceous) = areas dominated by graminoid or herbaceous vegetation, generally greater than 80% of total vegetation. These areas are not subject to intensive management such as tilling, but can be utilized for grazing.
· Sedge (Sedge/Herbaceous) = Alaska only areas dominated by sedges and forbs, generally greater than 80% of total vegetation. This type can occur with significant other grasses or other grass-like plants, and includes sedge tundra, and sedge tussock tundra. 
· Wetland (Emergent Herbaceous and Woody Wetlands) = areas where forest or shrubland vegetation accounts for greater than 20% of vegetative cover and the soil or substrate is periodically saturated with or covered with water or areas where perennial herbaceous vegetation accounts for greater than 80% of vegetative cover and the soil or substrate is periodically saturated with or covered with water.
[bookmark: _Toc363472608]Viereck et al. (1992)
Observers recorded the proportion of each vegetation type to a Viereck level III classification (Viereck et al. 1992) within a 150-m or 50-m radius buffer around each survey point.  Observers infrequently used a 50-m radius when vegetation obscured visibility to greater distances (e.g., closed forest cover).  We translated Viereck classifications to match coarse-scale habitat definitions from both land-cover layers (Table B2). We calculated Pearson’s correlation coefficients for the proportion of each habitat type at each site for each land-cover layer.  Pearson’s coefficients only examine linear trends; therefore, we also created exploratory Loess plots of the observed vs. estimated proportions of each habitat for a given land-cover layer to further examine potential nonlinear relationships (Jacoby 2000). 

Results
The area (ha) within 150 m of each study site that was classified as a particular habitat type varied among the land-cover layers and observer-defined categories (Fig. B1, Table B3).  In general, observers recorded far more ice and snow cover, water and wet herbaceous cover, and less dwarf shrub, shrub, and bare ground than classified by either land-cover layer.  
Correlations between the AKNHP layer and the habitat composition recorded by observers at 1,021 sites varied by habitat type and were generally low (Table B4). Associations improved greatly after further condensing habitat classes for the AKNHP layer. We combined dwarf shrub and mesic herbaceous (Herbmes) for observed and land-cover layers; r = 0.57. We also combined Bareground and Icesnow (r = 0.63), and low and tall shrub (Lshrub and Tshrub, respectively; r = 0.62). After condensing habitat types to 8 classes, mean association was 0.52. Similarly, correlations between the NLCD and observed habitat composition were highly variable and generally low (Table B5). Further reduction in habitat classes improved associations. We combined Sedge and Wetland (r = 0.55), Bareground and Icesnow (r = 0.65), and Dshrub and Grass (r = 0.50). The resulting 8 habitat classes had a mean correlation of 0.53. In general, both land-cover layers were not strongly associated with observed amounts of ice and snow, water, and grasslands.  
Discussion
In our examination of both the draft AKNHP land-cover mosaic and the 2011 NLCD layer in relation to what observers recorded in the field, we found relatively low associations. Variability was specific to park, habitat, and layer. To date, the AKNHP mosaic has not been evaluated for accuracy against field data. An assessment of the previous (2001) NLCD  layer found that for the area overlapping our study sites, the layer was 78.9% accurate against manual classification of satellite imagery (Selkowitz and Stehman 2011). The 2011 NLCD for Alaska is derived similarly and accuracy is likely comparable.  Although our analysis used the proportion of each habitat in a 150-m radius buffer of each study site and is thus not directly comparable, we found generally weaker associations between the NLCD and observed habitats in our study.
	There are numerous potential sources of error that could account for the relatively low associations between habitat composition observed and either land-cover layer. First, although observers were trained and experienced in habitat classification using the Viereck system, individual variation likely existed among observers and classification may not have been consistent across time and space. Second, observers recorded more ice or snow than classified by either land-cover layer. This is likely a result of remaining spring snow during surveys covering a low-lying habitat type like dwarf shrub or bareground. In fact, combining the NLCD Bareground and Icesnow categories improved fit from r = 0.45 and 0.05, respectively, to 0.65. Hence, observers may have recorded ice or snow in areas of bare ground at some sites. Third, land-cover layers typically have lower accuracy in grassland habitats than forest or bare ground (Selkowitz and Stehman 2011). Given the relatively open habitats occurring in these parks, land-cover classification may be less accurate. Finally, we combined ad hoc finer-scale habitat classifications to create consistent categories that could be compared across datasets. This could have led to classification error, especially for the AKNHP draft layer. We used a combination of literature, habitat descriptions, and expert knowledge to best combine habitat classifications, and attempted to outline our approach in detail here to facilitate evaluation by readers.
	In light of our evaluation, we used the condensed NLCD layer to model avian abundance in our study sites. We chose the NLCD, despite similar associations as the AKNHP, because the NLCD is a peer-reviewed and widely available dataset that consistently derived habitat across all three parks.  Additionally, the accuracy of a very similar earlier version has been evaluated using field data, providing objective standards by which to judge our results.  Wetland habitat was rarely sampled on survey points (i.e., 7.5% of survey points contained any wetland area within 300 m of the observer), which led to poor model convergence.  Further, wetland habitat occurred infrequently in montane areas of the parks (i.e., 0.7% of map cells contained >25% wetland habitat).  Therefore, we combined wetland and water categories.  Consequently, final analyses were conducted with 7 habitat categories (Table B6).
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[bookmark: _Toc363472609][bookmark: _Toc363472610][bookmark: _Toc363472611]Table B1. Coarse- and fine-scale habitat classifications used to create a land-cover mosaic for three national parks in Alaska.  Source land-cover layers were park-specific for Katmai NPP, Lake Clark NPP, and Aniakchak NMP.  Alaska Natural Heritage Program (AKNHP) created the land-cover mosaic.  Coarse habitat classifications (bold, underlined) were created primarily by AKNHP, with additional modification by the authors.  Descriptions are the original, slightly edited metadata notes provided by AKNHP with the spatial dataset (K. Boggs, personal communication).                              
	Classification
	Class code
	Description

	Bareground
	
	

	<15% vegetation
	602, 844
	Total vegetation cover was <15%.

	<20% vegetation
	265, 635
	Gravel and sparsely vegetated cover was widely distributed through the study area in a variety of forms.

	Mud−sand; <20% vegetation
	382
	At least 50% of the area was barren, >50% of the cover was composed of mud, silt or sand, and vegetation made up <20% of the cover. This type was generally along shorelines or rivers.

	Rock−gravel; <20% vegetation
	264, 381
	At least 50% of the area was barren, >50% of the cover was composed of rock and/or gravel, and vegetation made up <20% of the cover. This class was most often made up of mountaintops or glaciers.

	Tide flat
	641
	

	Bedrock
	636
	The bedrock class indicated barren rock, which forms the spine of the Chigmit mountains and various outcrops throughout the park and preserve.

	Biological crust
	387
	Sites that did not fall into any other category were assigned to biological crust. The only areas for this classification effort labeled as biological crust were extensive areas of non-vegetated or sparsely vegetated Crypto Biotic Soil.

	Deciduous forest (open−closed)
	
	

	Balsam poplar (closed)
	222, 345, 614
	1. At least 60% of the cover was trees, >75% of the trees were deciduous, and >75% of the deciduous trees were cottonwood.  2. Closed Populus forests were primarily balsam poplar stands, with scattered aspen clones included in this class. Balsam poplar grows in riparian zones and in chutes with surface or subsurface water flow along upper mountain sides.

	Balsam poplar (open)
	588, 619
	1. In general, Populus balsamifera ssp. trichocarpa was most common along the coastal fringe of the Park, and Populus balsamifera was more common in the remainder of the Park. Cover ranges from 25% to 70%.  2. Open Populus Forest was almost exclusively balsam poplar, as most of the aspen clones seemed to be mapped as Closed Populus Forest.

	Deciduous forest (open−closed)
	219, 224, 347, 840
	At least 60% of the cover was trees, and >75% of the trees were deciduous. Occurred in stands of limited size, generally on the floodplains of major rivers, but occasionally on hillsides, riparian gravel bars, or bordering small lakes. 

	Kenai birch (closed)
	613
	Kenai birch with crown closures of 60−100%. Balsam poplar was often mixed with birch, especially near upper altitudinal limits around Lake Clark and along riparian zones

	Kenai birch (open)
	589, 620
	1. Forest canopy closure for the birch forest class ranged from 25−85%, and tree height ranged from 1−10 m. Betula papyrifera var. kenaica dominated most sites, although Betula papyrifera may have dominated some sites. 2. Open birch was dominated by Kenai birch with tree crown closures from 25−60%. Balsam poplar and white spruce may have been minor components of the tree cover in this type.

	Paper birch (closed)
	221, 346
	At least 60% of the cover was trees, >75% of the trees were deciduous, and >75% of the deciduous trees were paper birch (Betula papyrifera).

	Paper birch (open)
	226, 348
	From 25−59% of the cover was trees, >75% of the trees were deciduous, and >75% of the deciduous trees were paper birch. This class was very rare.

	Dwarf shrub
	
	

	Sparse vegetation (10−25%)
	601
	The sparse vegetation land-cover class refers to sites with 15−24% total vegetation cover.  Dwarf shrub species included Arctostaphylos alpina, Betula nana, Empetrum nigrum, Ledum decumbens, Luetkea pectinata, Phyllodoce aleutica, and Rhododendron camtscha.

	Dwarf ericaceous shrub−Dryas
	359
	Shrubs made up 25−100% of the cover, shrub height was <0.25 m. This class was generally made up of dwarf ericaceous shrubs and Dryas species, but often included a variety of forbs, graminoids, and some percentage (~5−10%) lichen. 

	Dwarf shrub
	233, 362, 839
	Shrubs made up 25−100% of the cover, the shrub height was <0.25 m. Classified pixels in this class did not meet the criteria of any of the other sub-categories of dwarf shrub. 

	Dwarf shrub
	595
	The dominant dwarf shrubs included Arctostaphylos alpina, Empetrum nigrum, Luetkea pectinata, Phyllodoce aleutica, and Vaccinium uliginosum.

	Dwarf shrub
	625
	This type was dominated by low-growing ericaceous shrubs, dwarf birch and occasionally willow; all less than 0.33 m high. Dwarf shrub tundra had a minimum vegetative cover of 25%, but more commonly had vegetative cover of 50−90%.

	Dwarf shrub
	626
	Prostrate shrub tundra was a shorter, rockier community than dwarf shrub tundra. Vegetation was generally <6 cm high and often grew on very well drained, unstable substrates such as active talus, and in niches on bedrock.

	Dwarf shrub >30%, bareground >30%
	627
	Vegetation cover ranged from 30−70% with broken rock the remainder. Common species were mountain avens, moss campion, Diapensia and prostrate-growing Labrador tea, blueberry, cranberry, dwarf willows, and mossberry. Lichen flora was rich in crustose lichen.

	Empetrum nigrum−Ledum
	361
	Shrubs made up 25−100% of the cover, the shrub height was <0.25 m. This class was a sub-categorization of the dwarf shrub. This class occurred primarily in mesic conditions and contained often dense, lush dwarf shrub growth. 

	Dwarf shrub−Dryas−Empetrum nigrum−lichen
	234, 363
	Empetrum nigrum mapped by Swanson (Seward Peninsula), Yukon-Kuskokwim Delta, and Arctic Network of Parks, but not Ducks Unlimited. Sparse Dryas and Empetrum with a significant lichen understory of at least 20% cover.

	Dwarf shrub−biological crust
	597
	This was probably biological crust like in Aniakchak NMP (Boggs). The dwarf shrub/moss class was dominated by dwarf shrubs and bryophytes, primarily species from the genus Racomitrium. Most sites were also a blend of sedge and lichen species.

	Lichen
	600
	Cladina spp. were prevalent.  Shrub cover was <25%, herbaceous cover was <25%, and lichen cover was ≥40%.

	Lichen
	628, 838
	Vascular plants were ericaceous shrubs and dwarf birch, generally <6 cm high. Lichens were mats of Cetraria (C. islandica, nivalis, cucullata), Thamnolia, Cladonia spp. and Cladina spp. with some Stereocaulon on unstable sites.

	Dwarf shrub (wet)
	360
	Shrubs made up 25−100% of the cover, the shrub height was <0.25 m. This class was a sub-categorization of the dwarf shrub. This class occurred in mostly lowland/wetland areas where standing water was present.

	Herbaceous−moss (wet)
	368
	Bryoid Moss/Dwarf Shrub−Lichen

	Sedge/sphagnum (peatland)
	629
	Sedge tussocks and higher shrub hummocks were interspersed with little pools or streams. Often black spruce was encroaching around the edges. Sedge tussocks were cottongrass in wetter sites, and Carex spp. on higher locations with cloudberry, horsetails, and sundew.

	Tussock tundra
	252, 596
	Dwarf shrub (<0.2 m tall) cover was ≥25%, and herbaceous cover was ≥25%.  The soils were mesic with organic tussocks over mineral soil. Small seasonal pools of water often occurred between the tussocks. Permafrost likely occurred.

	Herbaceous (mesic)
	
	

	Bluejoint (mesic)
	634
	Grasslands were diverse herbaceous communities of grasses and forbs. Calmagrostis grasslands grew in large patches within the alder zone and in even larger extents near the upper extents of alder, grading into rock and tundra types above 4000 ft (>1200 m).

	Forb (mesic)
	372
	Composed of >40% herbaceous species, <5% water, with <50% graminoids. Regenerating disturbed areas dominated by fireweed (Epilobium angustifolium) fell into the mesic/dry forb category. 

	Graminoid (mesic)
	249, 371
	Composed of >40% herbaceous species, <5% water, with >50% graminoids excluding Carex aquatilis. This class was not overly common and generally served as a catch-all for sites not fitting into one of the above mesic/dry herbaceous classes.

	Grass (mesic)
	248, 370
	Composed of >40% herbaceous species, <5% water, with >50% grass species. This class often took the form of dense, nearly pure stands of Calamagrostis.

	Herbaceous (mesic)
	598
	Calamagrostis canadensis on side slopes. Calamagrostis canadensis, Chamerion angustifolium ssp. angustifolium and other forbs on lower elevations. Leymus mollis on coast.

	Herbaceous (mesic) >20%,  bareground >50%
	263, 380
	At least 50% of the area was barren, but vegetation made up >20% of the cover. This class was often found on riparian gravel bars, on rocky or very steep slopes. The plant species were generally herbs, graminoids, and bryoids.

	Sedge (mesic)
	247, 369, 837
	Composed of >40% herbaceous species, <5% water, with >50% sedge species.

	Sedge (mesic)
	633
	Sedge-dominated mesic tundra was a hummocky tundra of sedges and forbs that spread across the gentle rolling slopes of the Telaquana Highlands. Vegetation was dominated by Carex spp. and forbs, including coltsfoot, Sedum, Arnica spp., and dwarf monkshood.

	Herbaceous−lichen
	244
	Composed of >40% herbaceous species, <25% water, and >50% bryoids, of which >50% were lichen species.

	Herbaceous (wet)
	
	

	Carex utriculata−C. aquatilis
	630
	Wet sedge meadows were dominated by Carex utriculata, C. aquatilis, and marsh fivefinger with willow in the slightly better drained areas.

	Forb (wet)
	255, 365, 374
	1. The emergent vegetation class was composed of species that were partially submerged in the water, and included freshwater herbs such as horsetails (Equisetum spp.), marestail (Hippuris spp.), and buckbean (Menyanthes trifoliata).  2. Composed of >40% herbaceous species, <25% water, and where >60% of the herbaceous cover was forb and <50% graminoid cover. This class was highly associated with the emergent class and often contained species such as Menyanthes and other wet/aquatic forbs.

	Graminoid (wet)
	240, 364
	Composed of >40% herbaceous species, >5% and <25% water, and where >60% of the herbaceous cover was graminoid. If water was not present or not visible through the vegetation cover, then the presence of >20% Carex aquatilis also allowed a site to fall into this category.

	Herbaceous (wet or tidal)
	599, 836
	The dominant vegetation was emergent; semi-permanent or standing water was present. Freshwater and tidal.

	Herbaceous−moss (wet)
	245, 367
	Composed of >40% herbaceous species, <25% water, and >60% moss species. While these moss communities occasionally occurred in nearly pure stands, most often they were associated with a substantial component of sedges and other herbaceous vegetation.

	Herbaceous (marsh)
	632, 834, 835
	Emergent vegetation growing in these marshes included horsetail, bog buckbean, aquatic sedges, and water lilies.

	Sedge (wet)
	366
	Composed of >40% herbaceous species, >5% and <25% water, and where >60% of the herbaceous cover was graminoid, and >20% of the graminoid cover was made up of sedge species. This class was a sub-categorization of the wet graminoid class.

	Sedge (tidal)
	631
	These marshes were dominated by Carex lyngbyei and C. ramenskii, with other sedges, forbs and grasses.

	Ice−snow
	
	

	Ice−snow
	260, 378, 603, 637, 845
	Total vegetation cover was <15%, and snow, glacier or ice cover dominated.

	Low shrub
	
	

	Alder−low willow (open−closed)
	356
	The Low Alder and Tall Alder classes were combined into the Alder class. Shrubs made up 25−100% of the cover, shrub height was 0.25−1.3 m, and >75% of the shrub cover was willow and/or alder.

	Low Betula nana−low willow
	230, 624
	Dominated by a mixture of dwarf birch and several willow species 0.5−1.5 m high. Crown closures ranged from a low of 25% to about 80% in the densest stands.

	Low ericaceous shrub−willow
	357
	Shrubs made up 25−100% of the cover, shrub height was 0.25−1.3 m. This was by far the most common low shrub class. It was generally composed of Empetrum, Ledum, willow, and Vaccinium species.

	Low shrub
	594, 843
	This class included low shrub non-willow communities and Betula nana dwarf shrub communities. Tree canopy cover was <10% (or absent). Low shrub (0.2 to 1.5 m tall) cover was ≥25%. This class included low shrub non-willow communities.

	Low willow
	354, 593
	1. Shrubs made up 25−100% of the cover, shrub height was 0.25−1.3 m, and >75% of the shrub cover was willow.  2. This class was dominated by low stature (20 cm to 1.5 m in height) willow, with cover ranging from 25− 95%. The dominant overstory species included Salix barclayi, S. glauca, and S. pulchra.

	Low shrub−lichen
	231, 358
	Shrubs made up 25−100% of the cover, shrub height was 0.25−1.3 m, and >20% of the cover was made up of lichen. This class was found primarily at low- to mid-elevations, but was generally fairly rare in occurrence.

	Low shrub–tussock tundra
	232
	Shrubs made up 25−100% of the cover, >35% of the cover was made up of tussock-forming cottongrass (Eriophorum vaginatum), and either >25% of the site consisted of shrubs 0.25−1.3 m in height or shrubs 0.25−1.3 m tall were the most common shrubs.  

	Tall shrub
	
	

	Alder (closed)
	621
	The closed alder type was a dense community with crown cover >75% and generally 100%. Layers of alder overlapped each other in impenetrable thickets, with occasional mountain ash or cow parsnip in the less dense spaces.

	Alder (open−closed)
	351, 355, 591
	1. Tall shrub = Alder, or Alder−Tall Willow, or Tall Willow (sometimes Tall Shrub Birch, or Tall Shrub Birch−Willow, or Salmonberry).  Ducks Unlimited mapped it when possible. Alder comprised ≥75% of the total shrubs present. 2. Shrubs made up 25−100% of the cover, shrub height was 0.25−1.3 m, and >75% of the shrub cover was alder.  3. Alnus viridis ssp. sinuata was the most common species.

	Alder−tall willow (open−closed)
	352, 353
	1. Shrubs made up 25−100% of the cover and shrub height was >1.3 m.  A combination of alder and willow species comprised ≥75% of the total shrubs present. 2. Shrubs made up 25−100% of the cover and shrub height was >1.3 m. This class was comprised most often of a mix of tall shrub species including willow, alder, salmonberry, and/or Vaccinium species.

	Alder−herbaceous (mesic) mosaic
	622
	Open alder basically comprised smaller patches of Alnus viridis in a matrix of grassland or dwarf shrub tundra.  Open alder was mapped in areas where the crown cover of alder was 25−75%. As in closed alder, the understory included sparse grasses and forbs with leaf litter.

	Tall Salix alaxensis−S. glauca
	623
	Willow stands were dominated by Salix alaxensis and S. glauca growing from 1m to >2 m high.

	Tall willow (open−closed)
	350, 592
	Willow species comprised ≥75% of the total shrubs present.

	Tall shrub (open−closed)
	229
	Shrubs made up 25−100% of the cover and either >25% of the site consisted of shrubs >1.3 m in height or shrubs >1.3 m were the most common shrubs.  This class generally had a major willow component that was mixed with dwarf birch and/or alder.

	Water
	
	

	Clearwater
	258, 376, 638
	Composed of >80% clear water.

	Turbid water
	259, 377, 639
	Composed of >80% turbid water.

	Freshwater or saltwater
	604, 831, 832
	Total vegetation cover was less than 15%, and water cover dominated.

	Pondlily
	373, 833
	The Aquatic Bed class was dominated by plants with leaves that float on the water surface, generally pond lilies (Nuphar polysepalum).

	Floating algae
	375
	

	Saltwater
	379, 640, 929
	

	White, Sitka or black spruce (open−closed)
	
	

	White spruce (closed)
	612
	Closed spruce stands generally had from 60−80% crown closure of tree species. White spruce was the predominant overstory in this type, with some scattered black spruce near boggy margins, and balsam poplar and birch making up <25% of the total area.

	White spruce or black spruce (closed)
	210, 341, 585
	1. Needleleaf = white spruce and/or black spruce.  At least 60% of the cover was trees, and >75% of the trees were needleleaf trees. Closed needleleaf sites were rare because even where stem densities were high, the crown closure remained low.  2. Tree canopy cover was ≥60%, and needleleaf trees made up ≥75% of the total tree cover. The class was comparable to the Viereck et al. (1992) hierarchical level closed needleleaf forest (I.A.1).

	White spruce or black spruce (open)
	211, 342, 586, 841
	From 25−59% of the cover was trees, and >75% of the trees were needleleaf. This class was very common throughout the interior of Alaska.

	
	
	Tree cover was 25−59%, and needleleaf trees make up ≥75% of the total tree cover. The class was comparable to the Viereck et al. (1992) hierarchical level open needleleaf forest (I.A.2).

	White spruce or black spruce (woodland)
	213, 343, 587, 617
	1. From 10−24% of the cover was trees, and >75% of the trees were needleleaf. Woodland understory was extremely varied and included most of the shrub, herbaceous, or graminoid types present in the study area.  2. Tree canopy cover was 10−24%, and needleleaf trees make up ≥75% of the total tree cover.  3. Included black spruce bogs, white spruce/lichen, and black spruce/ericaceous.

	White spruce or black spruce/lichen (woodland)
	212, 214, 344
	From 10−24% of the cover was trees, >75% of the trees were needleleaf, and > 20% of the understory was lichen. The lichen often occurred in small round patches between trees.

	Sitka spruce or white spruce (closed)
	611
	Closed coastal spruce indicated stands of conifer with total crown cover generally >60% on the coastal side of the Alaska Range. Sitka and white spruce (Picea sitchensis and P. glauca) were the dominant species, with a deciduous component.

	Sitka spruce or white spruce (open)
	616
	Sitka and white spruce formed open stands.

	Mixed spruce−deciduous forest
	
	

	White spruce or black spruce−deciduous forest (closed)
	217, 349, 615
	1. At least 60% of the cover was trees, but neither needleleaf nor deciduous trees made up >75% of the tree cover.  This class was uncommon and found mainly along the meanders of major rivers.  2. Closed mixed forest were stands of primarily white spruce mixed with birch and/or balsam poplar, so that the total tree component was 60−100% crown closure. Mixes ranged from 25/75% proportions of deciduous to conifer, to the reverse at 25/75% conifer to deciduous.

	White spruce−deciduous forest (open)
	218, 618, 842
	White spruce, and the deciduous species were birch and balsam poplar.

	White spruce or kenai birch (open)
	590
	Forest cover ranged from 25−75%, and tree height ranged from 5−11 m. The dominant tree species were typically Picea glauca mixed with Betula papyrifera var. kenaica or, occasionally, Picea glauca mixed with Populus balsamifera.





Table B2.  Habitat classifications based on the National Land Cover Database 2011 (Alaska), a draft land-cover mosaic from the Alaska Natural Heritage Program (AKNHP), and observed habitat types based on Viereck et al.’s (1992) classification system.  Habitat types were categorized within either 50- or 150-m radius buffers at 1,021 sites in Aniakchak NMP, Katmai NPP, and Lake Clark NPP, Alaska.  We condensed Viereck et al. (1992) classifications to align with land-cover layer categories.
	NLCD Class
	AKNHP Class (if different)
	Observed Viereck
	Observed USGS Descriptions

	Water
	
	VIII.B, VIII.B.2
	Creek, lake, stream, river, standing water

	Icesnow
	
	VIII.B
	Snow

	Bareground
	
	VII.B, VII.B.3, VIII (River bed)
	Bare ground, bare ground attributable to volcanic ash, rock, river bed

	Dshrub
	
	II.A.1, II.A.3, II.A.2, II.D, II.D.1, II.D.2, III.D.3, III.C.1, III.C.2 
	Ericaceous dwarf scrub, Dryas dwarf scrub, bryoid lichen, open or closed dwarf tree scrub, dwarf tree scrub woodland, bryoid moss, willow dwarf scrub, Betula dwarf scrub

	Shrub
	Lshrub, Tshrub
	II, II.B.1, II.B.2, II.C.1, II.C.2
	Open or closed low scrub, shrubs poking through snow, open or closed tall scrub

	Dec
	
	I.B.1, I.B.2, I.B.3
	Open or closed broadleaf forest, broadleaf woodland

	Mixed
	
	I.C.1, I.C.2, I.C.3
	Mixed woodland, open or closed mixed forest

	Spruce
	
	I.A.1, I.A.2, I.A.3
	Open or closed needleleaf forest, needleleaf woodland

	Grass
	Herbmes
	III.A.1, III.A.2, III.A.3
	Dry or mesic graminoid herbaceous, dry forb herbaceous

	Sedge
	Herbwet
	III.A.3
	Wet graminoid herbaceous

	Wetland
	Water
	VIII, VIII.B, VIII.B.2
	Pond, slough





Table B3.  Habitat area (ha) within 150-m radius buffer around 1,021 sites in Aniakchak NMP, Katmai NPP, and Lake Clark NPP, Alaska.  Habitat classifications are based on the 2011 National Land Cover Database (NLCD) (Alaska), a draft land-cover mosaic from the Alaska Natural Heritage Program (AKNHP), and observed (Obs.) habitat types based on Viereck et al.’s (1992) classification system. Observed habitat types used a 50-m buffer at some sites with poor visibility and so observed areas are adjusted to equal the total area within 150 m of the sites (7,210 ha total).  Habitat classes are listed as AKNHP types with any NLCD differences in parentheses.
	
	TOTAL
	Aniakchak
	Katmai
	Lake Clark

	Habitat Class
	Obs.
	AKNHP
	NLCD
	Obs.
	AKNHP
	NLCD
	Obs.
	AKNHP
	NLCD
	Obs.
	AKNHP
	NLCD

	Water
	180
	64
	91
	78
	4
	4
	36
	22
	24
	67
	38
	64

	Bare
	620
	873
	994
	115
	46
	27
	360
	527
	623
	146
	296
	344

	Icesnow
	993
	36
	9
	0
	9
	0
	525
	11
	7
	466
	16
	2

	Dec
	230
	232
	225
	5
	0
	0
	146
	148
	126
	79
	83
	99

	Spruce
	484
	359
	549
	0
	0
	0
	104
	146
	147
	380
	216
	402

	Mixed
	434
	270
	175
	0
	0
	0
	151
	42
	37
	283
	234
	137

	Dshrub
	1,760
	2,596
	2,119
	313
	453
	432
	793
	1,179
	1,052
	655
	959
	636

	Shrub
	2,013
	2,308
	2,998
	328
	327
	479
	934
	950
	1,271
	752
	1,035
	1,248

	Herbmes (grass)
	333
	356
	2
	78
	106
	2
	163
	197
	0
	92
	48
	0

	Herbwet (sedge+wetland)
	163
	116
	47
	45
	16
	18
	98
	84
	21
	21
	14
	8





Table B4.  Pearson’s correlations between habitat classes obtained from a draft land-cover mosaic layer created by the Alaska Natural Heritage Program (AKNHP) and habitats recorded by observers at 1,021 sites in Aniakchak NMP, Katmai NPP, and Lake Clark NPP, Alaska. Observed habitat types are based on Viereck et al.’s (1992) classification system. We condensed Viereck classifications to align with land-cover layer categories. Habitat composition is within 50 m or 150 m of the site for observed habitats and 150 m for land-cover layers.  NAs denote a category that was not present in a given park.
	AKNHP Classes
	Total
	Aniakchak
	Katmai
	Lake Clark

	Bareground
	0.51
	0.53
	0.56
	0.54

	Icesnow
	0.17
		NA
	0.32
	0.12

	Dec
	0.56
		NA
	0.20
	0.69

	Spruce
	0.51
		NA
	0.57
	0.43

	Mixed
	0.64
		NA
	0.69
	0.57

	Dshrub
	0.58
	0.54
	0.60
	0.57

	Lshrub
	0.33
	0.35
	0.39
	0.21

	Tshrub
	0.56
	0.39
	0.61
	0.62

	Herbmes
	0.14
	0.30
	0.05
	0.03

	Herbwet
	0.39
	0.68
	0.02
	0.27

	Water
	0.21
	-0.07
	0.30
	0.48





Table B5.  Correlations between habitat classes obtained from the 2011 National Land Cover Database (NLCD) (Alaska) and those recorded by observers at 1,021 sites in Aniakchak NMP, Katmai NPP, and Lake Clark NPP, Alaska. Observed habitat types are based on Viereck et al.’s (1992) classification system. We condensed Viereck classifications to align with land-cover layer categories. Habitat composition is within 50 m or 150 m of the site for observed habitats and 150 m for land-cover layers. NAs denote a category that was not present for either dataset.
	NLCD Classes
	Overall
	Aniakchak
	Katmai
	Lake Clark

	Bareground
	0.45
	0.50
	0.55
	0.47

	Icesnow
	0.05
		NA
	0.09
	0.04

	Dec
	0.53
		NA
	0.27
	0.67

	Spruce
	0.52
		NA
	0.51
	0.43

	Mixed
	0.57
		NA
	0.54
	0.65

	Dshrub
	0.50
	0.46
	0.57
	0.46

	Shrub
	0.62
	0.81
	0.50
	0.66

	Grass
	0.11
	0.21
		NA
		NA

	Sedge
	0.23
	0.53
	-0.01
	0.10

	Wetland
	0.04
		NA
	0.20
	-0.02

	Water
	0.28
	-0.01
	0.26
	0.41





Table B6. Final habitat categories condensed from the 2011 National Land Cover Database (NLCD) (Alaska) land-cover layer used to evaluate habitat associations and map distributions of landbirds and shorebirds in Aniakchak NMP, Katmai NPP, and Lake Clark NPP, Alaska. We provide NLCD classes (Homer et al. 2015), Viereck et al. (1992) classifications, and observer descriptions comprising each habitat category.
	Covariate name
	NLCD class(es)
	Viereck
	Observer descriptions

	Water
	11, 72, 90, 95
	VIII.B, VIII.B.2, III.A.3, VIII, VIII.B, VIII.B.2
	Creek, lake, stream, river, standing water, pond, slough, wet graminoid herbaceous

	Baresnow
	12, 31
	VIII.B, VII.B, VII.B.3, VIII (River bed)
	Snow, bare ground, bare ground attributable to volcanic ash, rock, river bed

	Dshrubherb
	51, 71
	II.A.1, II.A.3, II.A.2,I I.D, II.D.1, II.D.2, III.D.3, III.C.1, III.C.2, III.A.1, III.A.2, III.A.3
	Ericaceous dwarf scrub, Dryas dwarf scrub, bryoid lichen, open or closed dwarf tree scrub, dwarf tree scrub woodland, bryoid moss, willow dwarf scrub, Betula dwarf scrub, dry or mesic graminoid herbaceous, dry forb herbaceous

	Shrub
	52
	II, II.B.1, II.B.2, II.C.1, II.C.2
	Open or closed low scrub, shrubs poking through snow, open or closed tall scrub

	Dec
	41
	I.B.1, I.B.2, I.B.3
	Open or closed broadleaf forest, broadleaf woodland

	Spruce
	42
	I.A.1, I.A.2, I.A.3
	Open or closed needleleaf forest, needleleaf woodland

	Mixed
	43
	I.C.1, I.C.2, I.C.3
	Mixed woodland, open or closed mixed forest





[bookmark: _Toc363472587]Figure B1.  Photographs at three study sites where observers conducted avian point counts: (a) Aniakchak NMP (site ID: 136760108), (b) Katmai NPP (site ID: 168030103), and (c) Lake Clark NPP (site ID: 208750407), Alaska. Footnotes describe habitat composition within 150-m buffer of the site recorded by (1) observers and (2) the National Land Cover Database (NLCD).  
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a. Aniakchak NMP. 1) Observers: 100% tall shrub; 2)  NLCD: 94% shrub and 6% dwarf shrub.
[image: Description: Description: Description: 16803_01_03_3][image: Description: Description: Description: 16803_01_03_4][image: Description: Description: Description: 16803_01_03_1][image: Description: Description: Description: 16803_01_03_2]
b. Katmai NPP. 1) Observers: 70% low shrub and 30% ice−snow; 2) NLCD: 61% dwarf shrub and 39% shrub.

[image: Description: Description: Description: 20875_04_07]
c. Lake Clark NPP. 1) Observers: 100% coniferous forest; 2) NLCD: 47% tall shrub, 25% mixed forest, 22% coniferous forest, and 6% deciduous forest
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